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LED LAMP 
BACKGROUND OF THE INVENTION 

1 . Field of the Invention: 

[0001] The present invention relates to an LED lamp including a 
wavelength converting portion with a phosphor. 

2. Description of the Related Art: 

[0002] White LED lamps are recently under vigorous research and 
development as potential replacements for white incandescent lamps. In some 
of those white LED lamps, the package of a blue LED chip, made of gallium 
nitride (GaN), is coated with a phosphor such as YAG. In such an LED lamp, the 
blue LED chip produces an emission with a wavelength of about 450 nm, and the 
phosphor produces yellow fluorescence with a peak wavelength of about 550 nm 
on receiving that emission. Eventually, the emission and fluorescence mix with 
each other, thereby providing white light. 

[0003] In another type of white LED lamp currently under development, an 
LED chip that emits an ultraviolet ray is combined with a phosphor that produces 
red (R), green (G) and blue (B) light rays. In such an LED lamp, the ultraviolet 
ray that has been radiated from the LED chip excites the phosphor, thereby 
emitting the red, green and blue light rays. Consequently, white light can also be 
obtained as a mixture of these light rays. 
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[0004] A bullet-shaped package is extensively used in conventional LED 
lamps. Hereinafter, such an LED lamp with a bullet-shaped appearance will be 
described with reference to FIG. 1. 

[0005] FIG. 1 illustrates a cross-sectional structure for a conventional LED 
lamp 20 as disclosed in Japanese Patent No. 2998696, for example. As shown 
in FIG. 1, the LED lamp 20 includes an LED chip 21, a bullet-shaped transparent 
housing to cover the LED chip 21 , and leads 22a and 22b to supply current to the 
LED chip 21. A cup reflector 23 for reflecting the emission of the LED chip 21 in 
the direction indicated by the arrow D is provided for the mount portion of the lead 
22b. The inner walls (i.e., reflective surfaces) of the cup reflector 23 surround the 
side surfaces of the LED chip 21 so as to define a predetermined tilt angle with 
respect to the bottom of the cup reflector 23. The LED chip 21 on the mount 
portion is encapsulated with a first resin portion 24, which is further encapsulated 
with a second resin portion 25. 

[0006] The first resin portion 24 is obtained by filling the cup reflector 23 
with a resin material and curing it after the LED chip 21 has been mounted onto 
the bottom of the cup reflector 23 and then has had its cathode and anode 
electrodes electrically connected to the leads 22a and 22b by way of wires. A 
phosphor 26 is dispersed in the first resin portion 24 so as to be excited with the 
light A that has been emitted from the LED chip 21. The excited phosphor 26 
produces fluorescence (which will be referred to herein as "light B") that has a 
longer wavelength than the light A. This LED lamp 20 is designed such that if the 
light A radiated from the LED chip 21 is red, then the light B emitted from the 
phosphor 26 is yellow. A portion of the light A is transmitted through the first resin 
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portion 24 including the phosphor 26. As a result, light C as a mixture of the light 
A and light B is used as illumination light. The light A may exhibit a narrow-band 
spectral distribution with a peak wavelength of about 470 nm, while the light B 
may exhibit a broad-band spectral distribution with a peak wavelength of about 
570 nm, for example. 

[0007] The conventional LED lamp shown in FIG. 1, however, does not 
have good color rendering properties. FIG. 2 shows an exemplary spectral 
distribution of a white LED lamp having the configuration shown in FIG. 1. As 
can be seen from FIG. 2, the quantity of light emitted from such a white LED lamp 
in the red wavelength range is significantly lower than in the other wavelength 
ranges. Thus, such a white LED lamp exhibits deteriorated color rendering 
properties in that red wavelength range. 

[0008] The "color rendering properties" is a general expression for the effect 
of an illuminant on the color appearance of an object that is illuminated by the 
illuminant. The color rendering properties of an illuminant may be evaluated by 
its average color rendering index Ra. That is to say, the higher the Ra index of 
an illuminant, the better the color rendering properties thereof. 

[0009] According to ISO 8895:1989, illuminants with average color rendering 
indices Ra of 90 or more are classified as Group 1A, while illuminants with 
average color rendering indices Ra of 80 to less than 90 are classified as Group 
1B. A preferred average color rendering index Ra of an illuminant is changeable 
with the specific application of the illuminant but is normally at least 70. 

[0010] However, depending on the color of the light to be provided, it is often 
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hard for the conventional white LED lamp including a blue LED chip to achieve an 
average color rendering index Ra of 70 or more. 

SUMMARY OF THE INVENTION 

[0011] In order to overcome the problems described above, preferred 
embodiments of the present invention provide an LED lamp with improved color 
rendering properties. 

[0012] An LED lamp according to a preferred embodiment of the present 
invention preferably includes at least one LED chip and a wavelength converting 
portion (i.e., wavelength shifter) including a phosphor for transforming the 
emission of the LED chip into light having a longer wavelength than that of the 
emission. The LED lamp further includes filtering means, which is designed 
such that the spectral transmittance thereof becomes lower in at least a portion of 
the wavelength range of 550 nm to 605 nm than in the remaining visible radiation 
range. 

[0013] In one preferred embodiment of the present invention, the LED chip 
preferably radiates the emission of which a peak wavelength is included in the 
range of 400 nm to 490 nm. 

[0014] In another preferred embodiment, the LED chip is preferably 
mounted on a substrate. 

[0015] In this particular preferred embodiment, the LED chip is preferably 
flip-chip bonded to the substrate. 
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[0016] In another preferred embodiment, the wavelength converting portion 
is preferably made of a resin. 

[0017] In a specific preferred embodiment, the wavelength converting 
portion preferably has a cylindrical shape and covers the LED chip entirely. 

[0018] In that case, the wavelength converting portion is preferably further 
covered with another resin. 

[0019] In still another preferred embodiment, the filtering means is preferably 
arranged so as to cover the wavelength converting portion. 

[0020] In yet another preferred embodiment, the filtering means is preferably 
made of a resin. 

[0021] In yet another preferred embodiment, the wavelength converting 
portion and the filtering means are preferably both made of the same resin and 
substantially no interface is preferably present between the wavelength 
converting portion and the filtering means. 

[0022] In yet another preferred embodiment, the wavelength converting 
portion made of the resin preferably includes an Nd compound, and preferably 
functions as the filtering means as well. 

[0023] In this particular preferred embodiment, the wavelength converting 
portion preferably has a cylindrical shape and preferably covers the LED chip 
entirely. 

[0024] Alternatively or additionally, the LED lamp may further include a 
reflector that has an opening surrounding the wavelength converting portion. 
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[0025] In yet another preferred embodiment, the filtering means is preferably 
designed such that the spectral transmittance thereof becomes lower in the 
wavelength subrange of 575 nm to 590 nm than in the remaining visible 
radiation range. 

[0026] Specifically, the spectral transmittance of the filtering means in the 
wavelength subrange of 575 nm to 590 nm is preferably controlled to be 10% to 
95% of the spectral transmittance thereof in the remaining visible radiation range. 

[0027] In yet another preferred embodiment, the spectral transmittance of 
the filtering means is preferably controlled so as to increase the average color 
rendering index Ra of the LED lamp. 

[0028] In yet another preferred embodiment, the LED lamp preferably has a 
card shape so as to be attachable to, or removable from, an illumination unit 
including a lighting circuit. 

[0029] According to various preferred embodiments of the present 
invention, a filtering member, which exhibits a selectively decreased spectral 
transmittance in a particular wavelength subrange, is applied to an LED lamp, 
thereby increasing the average color rendering index Ra of the LED lamp. 

[0030] Other features, elements, processes, steps, characteristics and 
advantages of the present invention will become more apparent from the 
following detailed description of preferred embodiments of the present 
invention with reference to the attached drawings. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0031] FIG. 1 is a cross-sectional view illustrating a conventional LED lamp. 

[0032] FIG. 2 is a graph showing the spectrum of the emission of an LED 
chip. 

[0033] FIG. 3 is a graph showing how the average color rendering index Ra 
changes with a particular wavelength subrange under measurement, which is 
selected from 81 data points representing a spectral distribution and in which the 
spectral transmittance is decreased to 0%. 

[0034] FIG. 4A is a graph showing the spectral transmittance of a filtering 
member F1 that may be used in an LED lamp according to a preferred 
embodiment of the present invention. 

[0035] FIG. 4B is a graph showing the spectral distribution of light emitted 
from the LED lamp including the filtering member F1. 

[0036] FIG. 5A is a graph showing the spectral transmittance of a filtering 
member F2 that may be used in an LED lamp according to another preferred 
embodiment of the present invention. 

[0037] FIG. 5B is a graph showing the spectral distribution of light emitted 
from the LED lamp including the filtering member F2. 

[0038] FIG. 6A is a graph showing the spectral transmittance of a filtering 
member F3 that may be used in an LED lamp according to still another 
preferred embodiment of the present invention. 

[0039] FIG. 6B is a graph showing the spectral distribution of light emitted 



7 



from the LED lamp including the filtering member F3. 

[0040] FIG. 7A is a graph showing the spectral transmittance of a filtering 
member F4 that may be used in an LED lamp according to yet another preferred 
embodiment of the present invention. 

[0041] FIG. 7B is a graph showing the spectral distribution of light emitted 
from the LED lamp including the filtering member F4. 

[0042] FIG. 8A is a graph showing the spectral transmittance of a filtering 
member F5 that may be used in an LED lamp according to yet another preferred 
embodiment of the present invention. 

[0043] FIG. 8B is a graph showing the spectral distribution of light emitted 
from the LED lamp including the filtering member F5. 

[0044] FIGS. 9A, 9B, 9C and 9D are cross-sectional views respectively 
illustrating LED lamps according to first, second, third and fourth specific 
preferred embodiments of the present invention. 

[0045] FIG. 10 is a perspective view showing an exemplary method of 
forming the cylindrical resin portion (wavelength converting portion) shown in 
FIG. 9. 

[0046] FIG. 1 1 is a perspective view schematically illustrating an LED lamp 
according to a fifth specific preferred embodiment of the present invention. 

[0047] FIG. 12 is an exploded perspective view of a card LED lamp. 

[0048] FIG. 13 is a cross-sectional view illustrating a portion of the card LED 
lamp shown in FIG. 12 including an LED chip. 
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[0049] FIG. 14 is a graph showing the spectral transmittance characteristic 
of neodymium oxide. 

[0050] FIG. 15 is a graph showing the spectrum of light radiated from the 
LED lamp of the present invention when neodymium oxide exhibiting the 
spectral transmittance characteristic shown in FIG. 14 and a yellow phosphor 
were added to the resin portion 93. 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 

[0051] The present inventors carried out the following simulations to find a 
spectral distribution that could effectively contribute to increasing the average 
color rendering index Ra of an LED lamp. 

[0052] Those simulations were done on the supposition that the light 
radiated from an LED chip had a narrow-band spectral distribution with a peak 
wavelength of about 460 nm and that the light radiated from a phosphor had a 
broad-band spectral distribution with a peak wavelength of about 575 nm. An 
LED lamp was designed such that the illumination light, obtained as a mixture of 
the light radiated from the LED chip (which will be referred to herein as the 
"emission" of the LED chip) and the light radiated from the phosphor (which will 
also be referred to herein as the "fluorescence"), had a color temperature of 
about 4,000 K. Then, the spectral distribution of the illumination light was actually 
measured on a wavelength range of 380 nm to 780 nm (i.e., the visible radiation 
range) with the measuring wavelength changed at a step of 5 nm. As a result, 81 
data points were obtained and the average color rendering index Ra was 
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approximately 70. 

[0053] Next, the spectral distribution data thus collected was used to 
calculate how the average color rendering index Ra would change if the spectral 
transmittance in a wavelength subrange with a narrow width of 5 nm was 
decreased to 0%. More specifically, one measuring subrange with a width of 5 
nm was selected from the spectral distribution data (81 points) that had been 
obtained by actual measurement, and the average color rendering index Ra was 
calculated with the spectral transmittance in the selected subrange decreased to 
0%. The same operation was sequentially carried out on the entire visible 
radiation range of 380 nm to 780 nm. 

[0054] FIG. 3 is a graph showing the results of the calculations. In FIG. 3, 
the abscissa represents the center value of the narrow wavelength subrange 
(with the width of 5 nm) in which the spectral transmittance was decreased to 0%, 
and the ordinate represents the increase and decrease in average color 
rendering index Ra. The increase and decrease in average color rendering index 
Ra were calculated by reference to the average color rendering index Ra of the 
illumination light that was directly obtained from the LED lamp without being 
passed through any filter. 

[0055] In the graph shown in FIG. 3, results of calculations had a peak at a 
wavelength of about 570 nm. In this case, the data point at a wavelength of A 
nm refers to a variation in the average color rendering index Ra of the illumination 
light when the spectral transmittance in the wavelength subrange of ( A —2.5) nm 
to (A +2.5) nm was decreased to 0%. 
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[0056] As can be seen from the results shown in FIG. 3, if the spectral 
transmittance in a particular wavelength subrange to be arbitrarily selected from 
the wavelength range of 550 nm to 605 nm is decreased from the intentionally 
non-decreased spectral transmittance in a reference wavelength subrange (e.g., 
a spectral transmittance at a wavelength of 510 nm), then the average color 
rendering index Ra of the LED lamp increases. In particular, the average color 
rendering index Ra can be increased effectively by decreasing the spectral 
transmittance in the wavelength subrange of 575 nm to 590 nm. The spectral 
transmittance may be controlled in this manner by using a filtering member with 
appropriate transmittance characteristic. Japanese Laid-Open Publication No. 5- 
290818 discloses a technique of absorbing yellow light (with a wavelength of 570 
nm to 590 nm) by adding neodymium oxide to the inside space of a glass tubular 
light bulb for use as an inner light for a refrigerator, for example. According to this 
technique, items stored in a refrigerator can look brighter in colors but will have a 
decreased average color rendering index Ra. 

[0057] Hereinafter, it will be described how the average color rendering index 
Ra and luminous flux of an LED lamp change with the transmission characteristic 
of a filtering member adopted. 

Filtering member F1 

[0058] First, a filtering member F1 will be described with reference to FIGS. 
4A and 4B. FIG. 4A shows the spectral transmittance of the filtering member 
F1, and FIG. 4B shows the spectral distribution of light emitted from an LED lamp 
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including the filtering member F1. 

[0059] As can be seen from FIG. 4A, the spectral transmittance of the 
filtering member F1 is lower in the wavelength subrange of more than 510 nm to 
605 nm than in the other wavelength subranges (e.g., at a wavelength of 510 nm). 

[0060] The LED lamp including such a filtering member F1 had an average 
color rendering index Ra of 68. On the other hand, when the filtering member 
F1 was not used (i.e., when the filtering member F1 was replaced with a 
transparent member exhibiting a spectral transmittance of 100% in the entire 
visible radiation range), the resultant average color rendering index Ra was 65. 
That is to say, the average color rendering index Ra could be increased by 3 by 
using the filtering member F1. Also, the luminous flux of the LED lamp with such 
a filtering member F1 decreased to 72% of that of the LED lamp without the 
filtering member F1. 

[0061] In this manner, by using a filtering member that has a lower spectral 
transmittance in the wavelength subrange of more than 510 nm to 605 nm than 
the spectral transmittance at a wavelength of 510 nm, the average color 
rendering index Ra of the LED lamp can be increased. 

[0062] As can be seen from the results shown in FIG. 3, the average color 
rendering index Ra of an LED lamp can be increased particularly significantly by 
selectively decreasing the spectral transmittance in the wavelength subrange of 
550 nm to 605 nm as described above. On the other hand, in the transmittance 
characteristic shown in FIG. 4A, the spectral transmittance is decreased in a 
broader wavelength subrange of more than 510 nm to 605 nm, including the 
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subrange of 550 nm to 605 nm, than in the remaining visible radiation range. In 
this case, even if the spectral transmittance is decreased in the subrange of more 
than 510 nm to less than 550 nm, the average color rendering index Ra would 
not be increased so effectively. However, if the spectral transmittance is 
decreased in the wavelength subrange of 550 nm to 605 nm, the average color 
rendering index Ra should be increased significantly. 

[0063] It should be noted that the wavelength subrange in which the 
spectral transmittance is decreased should not be expanded excessively to 
avoid a decrease in luminous flux. In particular, a light ray with a wavelength of 
550 nm belongs to a green wavelength range in which the luminosity achieved is 
relatively high. Accordingly, the spectral transmittance at a wavelength of 550 nm 
is preferably kept relatively high, while at the same time, the spectral 
transmittance in the subrange of 550 nm to 605 nm is preferably decreased 
selectively. The wavelength subrange in which the spectral transmittance is 
decreased is preferably selected from the range of 550 nm to 605 nm. However, 
the spectral transmittance may also be decreased in any other wavelength 
subrange. 

[0064] Also, in the specific example described above, a blue LED with an 
emission peak wavelength of about 460 nm is used as the LED chip. Speaking 
more generally, though, the effects of the present invention are achievable 
particularly remarkably with an LED chip that has an emission peak wavelength 
of 400 nm to 490 nm. 
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Filtering member F2 

[0065] Next, another filtering member F2 will be described with reference to 
FIGS. 5A and 5B. FIG. 5A shows the spectral transmittance of the filtering 
member F2, and FIG. 5B shows the spectral distribution of light emitted from an 
LED lamp including the filtering member F2. 

[0066] As shown in FIG. 5A, the spectral transmittance of the filtering 
member F2 decreased in the wavelength subrange of 560 nm to 605 nm from the 
spectral transmittance at a wavelength of 510 nm. When such a filtering member 
F2 was used, the average color rendering index Ra increased to 72 and the 
luminous flux decreased to 90%. 

[0067] In this manner, by using a filtering member that has a lower spectral 
transmittance in the wavelength subrange of 550 nm to 605 nm than the 
spectral transmittance at a wavelength of 510 nm, the average color rendering 
index Ra of the LED lamp can be increased efficiently with the decrease in the 
luminous flux thereof minimized. 

Filtering member F3 

[0068] Next, another filtering member F3 will be described with reference to 
FIGS. 6A and 6B. FIG. 6A shows the spectral transmittance of the filtering 
member F3, and FIG. 6B shows the spectral distribution of light emitted from an 
LED lamp including the filtering member F3. 

[0069] As can be seen from FIG. 6A, the spectral transmittance of the 
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filtering member F3 in the wavelength subrange of 575 nm to 590 nm was 
approximately 95% of its spectral transmittance in the other wavelength 
subranges (e.g., at a wavelength of 510 nm). When such a filtering member F3 
was used, the average color rendering index Ra slightly increased to 66, and the 
luminous flux was approximately 99% of the luminous flux obtained by using no 
filtering member F3. 

[0070] In this manner, even by using a filtering member that has its spectral 
transmittance decreased just slightly by 5% in the wavelength subrange of 575 
nm to 590 nm from the spectral transmittance at a wavelength of 510 nm, the 
average color rendering index Ra of the LED lamp can also be increased. 

Filtering member F4 

[0071] Next, another filtering member F4 will be described with reference to 
FIGS. 7A and 7B. FIG. 7A shows the spectral transmittance of the filtering 
member F4, and FIG. 7B shows the spectral distribution of light emitted from an 
LED lamp including the filtering member F4. 

[0072] As can be seen from FIG. 7A, the spectral transmittance of the 
filtering member F4 in the wavelength subrange of 575 nm to 590 nm was just 
approximately 10% of the spectral transmittance thereof in the other wavelength 
subranges (e.g., at a wavelength of 510 nm). When such a filtering member F4 
was used, the average color rendering index Ra significantly increased to 82 and 
the luminous flux was approximately 80% of the luminous flux obtained by using 
no filtering members. To maintain sufficient utility in practice, the maximum 



15 



allowable decrease in the luminous flux of an LED lamp resulting from the 
increase in the average color rendering index Ra thereof would be approximately 
80%. That is to say, the luminous flux should not decrease by more than 80%. 

[0073] In this manner, by using a filtering member that has its spectral 
transmittance decreased by as much as 90% in the wavelength subrange of 
575 nm to 590 nm from its spectral transmittance in the other wavelength 
subranges (e.g., at a wavelength of 510 nm), the average color rendering index 
Ra of the LED lamp can be increased significantly. However, the spectral 
transmittance in the wavelength subrange of 575 nm to 590 nm should not 
decrease by more than 90% because the decrease in the luminous flux would 
exceed its allowable range in that case. 



Filtering member F5 

[0074] Next, another filtering member F5 will be described with reference to 
FIGS. 8A and 8B. FIG. 8A shows the spectral transmittance of the filtering 
member F5, and FIG. 8B shows the spectral distribution of light emitted from an 
LED lamp including the filtering member F5. 

[0075] As can be seen from FIG. 8A, the spectral transmittance of the 
filtering member F5 in the wavelength subrange of 575 nm to 590 nm was 
approximately 50% of the spectral transmittance thereof in the other wavelength 
subranges (e.g., at a wavelength of 510 nm). 

[0076] When such a filtering member F5 was used, the average color 
rendering index Ra of the LED lamp increased to 74 and the luminous flux 
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thereof was approximately 90% of the luminous flux obtained by using no filtering 
members. In this manner, if the decrease in the luminous flux of an LED lamp 
resulting from the increase in the average color rendering index Ra thereof is 
within 10%, then sufficient utility can be maintained in actual use. 

[0077] As described above, if the emission of an LED lamp is filtered with a 
filtering member that is designed such that the spectral transmittance thereof is 
lower in at least a portion of the wavelength range of 510 nm to 605 nm than in 
the remaining visible radiation range, then the average color rendering index Ra 
can be increased. 

[0078] The particular wavelength subrange to selectively decrease the 
spectral transmittance from the value in the other wavelength subranges is more 
preferably from 550 nm to 590 nm. By using a filtering member, of which the 
spectral transmittance in this wavelength subrange is approximately 10% to 95% 
of the spectral transmittance in the other wavelength subranges, the average 
color rendering index Ra can be increased with the luminous flux maintained at a 
required level. Specifically, the spectral transmittance in the wavelength 
subrange of 550 nm to 590 nm is preferably controlled to approximately 50% to 
95% (more preferably, approximately 70% to 95%) of the spectral transmittance 
in the other wavelength subranges. Also, the spectral transmittance at a 
wavelength of 550 nm is preferably kept at least 90% of the non-decreased 
spectral transmittance in the other wavelength subranges. 

[0079] Hereinafter, LED lamps according to preferred embodiments of the 
present invention will be described with reference to the accompanying 
drawings. In the drawings, a number of different members, appearing on 
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multiple sheets but having substantially the same functions, are collectively 
identified by the same reference numeral for the sake of simplicity. 



EMBODIMENT 1 

[0080] First, an LED lamp according to a first specific preferred embodiment 
of the present invention will be described with reference to FIG. 9A. 

[0081] As shown in FIG. 9A, the LED lamp preferably includes a substrate 
91 , an LED chip 92 bonded to the substrate 91 , a resin portion 93 including a 
phosphor (or luminophore), and a filtering member 94. 

[0082] In this preferred embodiment, the LED chip 92 is preferably flip-chip 
bonded to the principal surface of the substrate 91. Although not shown in FIG. 
9A, interconnects are actually provided on the substrate 91 and electrically 
connected to the electrodes of the LED chip 92 mounted. The LED chip 92 is 
preferably supplied with a predetermined current or voltage from a lighting circuit 
(not shown) and through the interconnects on the substrate 91 to make the LED 
chip 92 emit the light 

[0083] The phosphor dispersed in the resin portion 93 absorbs, and is 
excited by, the emission of the LED chip 92, thereby producing fluorescence. 
The light produced from the phosphor preferably has a longer wavelength than 
the emission of the LED chip 92. For example, when a blue LED chip is used 
as the LED chip 92, (Y ■ Sm) 3 , (Al • Ga) 5 Oi2:Ce or (Y 0 .39Gdo.57Ceo.o3Smo.oi)3Al50i 2 
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can be used effectively as the phosphor. By using such a phosphor, part of the 
blue ray emitted from the LED chip 92 can be transformed into a yellow ray and 
the resultant illumination light looks almost white overall. 

[0084] In this preferred embodiment, the resin portion 93 preferably has a 
side surface, which is separated from another surface (not shown) that can reflect 
the outgoing light of the resin portion 93. More specifically, the resin portion 93 is 
preferably formed in a cylindrical shape so as to have a diameter longer than the 
diagonals of the LED chip 92 and be higher than the LED chip 92. The side 
surface of the resin portion 93 is preferably a curved surface that surrounds the 
side surfaces of the LED chip 92. As used herein, the "surface that can reflect 
the outgoing light of the resin portion 93" is typically a reflective surface of a 
reflective member that is provided specially for the purpose of reflection but may 
also be a surface of any other member. 

[0085] The resin portion 93 may be formed as shown in FIG. 10, for 
example. More specifically, first, a substrate 41 on which an LED chip 44 has 
been mounted is preferably prepared. In this preferred embodiment, the LED 
chip 44 is preferably flip-chip bonded to the principal surface of the substrate 41. 
Next, a plate 42 with a cylindrical hole (opening) is brought into close contact with 
the principal surface of the substrate 41. Thereafter, a resin liquid including the 
phosphor is poured into the cylindrical hole. The plate 42 preferably has a 
thickness of 0.02 mm to 1.1 mm. The diameter of the hole is preferably longer 
(e.g., about 0.8 mm) than the diagonals (of 0.3 mm to 1.0 mm, for example) of 
the LED chip 44. 

[0086] After the resin liquid has been poured into the hole of the plate 42, 
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the excessive part of the resin liquid over the upper surface of the plate 42 is 
flattened with a squeeze 43 and then the resin liquid is thermally set. Thereafter, 
the plate 42 is removed from over the substrate 41 , thereby obtaining a cylindrical 
resin portion that covers the LED chip 44 entirely. 

[0087] The filtering member 94 of this preferred embodiment is provided 
outside of the resin portion 93 and covers the resin portion 93 so as to receive 
the outgoing light of the resin portion 93. The filtering member 94 preferably 
exhibits a lower spectral transmittance in at least a portion of the wavelength 
range of 550 nm to 605 nm than in the other wavelength subranges. 

[0088] In this preferred embodiment, the filtering member 94 may be made 
of any material as long as the filtering member 94 can exhibit such a filtering 
characteristic. For example, the filtering member 94 may be made of a resin 
because a resin is a relatively inexpensive material. Among other things, a 
silicone resin is particularly preferred considering its rich flexibility and 
sufficiently high resistance to thermal stress. It should be noted that such a 
resin may be provided with the filtering characteristic by mixing a powder of an 
additive such as neodymium (preferably a neodymium oxide or any other 
suitable neodymium compound) with the material (e.g., a resin) of the filtering 
member. For example, by adding about 0.2 wt% of Nd powder with a mean 
particle size of about 7 Mmtoa resin, a spectral absorptivity of approximately 
10% is achieved. Instead of using a material with light absorbing properties, a 
transparent member covered with either a multilayer interference film or a 
chemical coating may be used as the filtering member of this preferred 
embodiment. 
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[0089] FIG. 14 is a graph showing the spectral transmittance characteristic of 
neodymium oxide. As can be seen from FIG. 14, the spectral transmittance of 
the neodymium oxide decreases in the wavelength subrange of 550 nm to 605 
nm to less than 70% of its maximum value. That is to say, the neodymium oxide 
exhibits a spectral absorptivity of more than 30% at a wavelength of 600 nm. 

[0090] The emission of the LED chip 92 excites the phosphor in the resin 
portion 93, thereby making the phosphor produce fluorescence. In FIGS. 9A 
through 9D, the emission of the LED chip 92 and the fluorescence produced by 
the phosphor are schematically indicated by the arrows with the reference 
numeral 95. Also, the emission and fluorescence will be collectively referred to 
herein as "light rays" 95. 

[0091] The light rays 95 may have a spectral distribution such as that shown 
in FIG. 2, for example. However, while being transmitted through the filtering 
member 94, the light rays may be transformed into light rays with a spectral 
distribution such as that shown in FIG. 8B. As a result, the average color 
rendering index Ra increases for the reasons described above. 

[0092] Each of FIGS. 9A through 9D illustrates the single LED chip 92 that 
has been bonded to the substrate 91. Alternatively, multiple LED chips 92 may 
also be bonded onto the substrate 91 . In that case, each of those LED chips 92 
may be covered with the filtering member 94 separately or all of those LED chips 
92 may be covered with the same filtering member 94. This statement will apply 
to any of the preferred embodiments of the present invention to be described 
below. 
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EMBODIMENT 2 

[0093] Hereinafter, an LED lamp according to a second specific preferred 
embodiment of the present invention will be described with reference to FIG. 9B. 
The LED lamp of this second preferred embodiment has almost the same 
configuration as the counterpart of the first preferred embodiment described 
above. In this preferred embodiment, however, the resin portion 93 and the 
filtering member 94 are arranged differently from the first preferred embodiment. 
Specifically, in the first preferred embodiment described above, a gap is provided 
between the resin portion 93 and the filtering member 94 as shown in FIG. 9A. In 
this second preferred embodiment on the other hand, the resin portion 93 and the 
filtering member 94 are in close contact with each other as shown in FIG. 9B. 
The reason is as follows. If the boundary 96 between the resin portion 93 and 
the filtering member 94 defines an interface between dissimilar materials, then 
the light will be refracted at the interface, thus decreasing the optical extraction 
efficiency. Thus, to maintain sufficiently high extraction efficiency, the filtering 
member 94 and the resin portion 93 are preferably made of the same resin 
material. Also, if in the manufacturing process step of forming the resin portion 
93, the filtering member 94 is made of the same resin on the resin portion 93 that 
has not yet been quite cured, then the bond strength between the resin portion 93 
and the filtering member 94 can be increased effectively. In that case, 
substantially no interface will be present between the resin portion 93 and the 
filtering member 94. 
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EMBODIMENT 3 

[0094] Hereinafter, an LED lamp according to a third specific preferred 
embodiment of the present invention will be described with reference to FIG. 9C. 
Unlike the LED lamp of the second preferred embodiment described above, the 
LED lamp of this preferred embodiment further includes a reflector 97 on the 
substrate 91. 

[0095] The reflector 97 has at least one reflective surface for reflecting the 
light that has gone out of the LED chip 92 through the side surfaces thereof away 
from the substrate 91 (preferably perpendicularly to the principal surface of the 
substrate 91). This reflective surface is preferably provided so as to surround the 
side surfaces of the LED chip 92. If multiple LED chips 92 have been bonded to 
the substrate 91, then the reflector 97 preferably has multiple openings (through 
holes) for the respective LED chips 92. |n that case, the inner walls of each 
opening of the reflector 97 function as the reflective surfaces. The inner walls 
(i.e., reflective surfaces) of each opening of the reflector 97 are preferably 
downwardly tapered toward the principal surface of the substrate. The cross- 
sectional shape of the reflective surfaces as taken on a plane that crosses the 
principal surface of the substrate at right angles does not have to be linear but 
may be curved. 

[0096] The filtering member 94 of this preferred embodiment is preferably 
located inside of the opening of the reflector 97 and functions as a lens. As in 
the preferred embodiments described above, the filtering member 94 of this 
preferred embodiment is also preferably made of a resin. 
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EMBODIMENT 4 

[0097] Hereinafter, an LED lamp according to a fourth specific preferred 
embodiment of the present invention will be described with reference to FIG. 9D. 
Unlike the LED lamp of the third preferred embodiment described above, the 
resin portion (i.e., first resin portion) 93 of the LED lamp of this preferred 
embodiment is covered with a second resin portion 98 and a filtering member 96 
is provided on the reflector 97. As described above, if an interface is present at 
the boundary between the first and second resin portions 93 and 98, then the 
optical extraction efficiency will decrease. For that reason, no definite interface is 
preferably defined at the boundary. 

[0098] In the preferred embodiment shown in FIG. 9D, the filtering member 
96 has a flat plate shape. Alternatively, the filtering member 96 may also have a 
convex surface functioning as a lens. 

[0099] In the first through fourth preferred embodiments of the present 
invention described above, the filtering member is provided separately from the 
resin portion 93 including the phosphor. However, if the resin portion 93 further 
includes an additive such as Nd, then at least part of the resin portion 93 may 
function as the filtering member. 

[0100] FIG. 15 shows the spectrum of the light radiated from an LED lamp 
according to a preferred embodiment of the present invention in which not only a 
yellow phosphor but also neodymium oxide (Nd 2 0 3 ), exhibiting the spectral 
transmittance characteristic shown in FIG. 14, were added to the resin portion 93. 
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In this case, the resin portion 93 included about 1 wt% of neodymium oxide and 
about 65 wt% of phosphor. The resin portion 93 further included about 5.5 wt% 
of thixo agent with a mean particle size of about 12 nm and was formed in a 
cylindrical shape. 

[0101] If no neodymium oxide was added to the resin portion 93, then the 
light radiated from the LED lamp had a spectrum such as that shown in FIG. 2. 
In that case, the light radiated from the LED chip 92 had a peak wavelength of 
about 570 nm. 

[0102] As can be easily seen from FIG. 15, the relative energy decreased at 
a wavelength of 600 nm. The LED lamp had an average color rendering index 
Ra of 94, which had increased by 24. This increase was caused by the 
absorption of the light into the neodymium oxide included in the resin portion 93. 

[0103] In this manner, even if not only the phosphor but also an Nd 
compound are added to the resin portion 93 that covers the LED chip 92, the 
effects of the present invention are achieved sufficiently. 

[0104] It should be noted that neodymium is a preferred additive because the 
neodymium improves the color rendering property and because the neodymium 
added to the resin also functions as a thixo agent or a dispersant. 

EMBODIMENT 5 

[0105] Hereinafter, an LED lamp according to a fifth specific preferred 
embodiment of the present invention will be described with reference to FIG. 11. 
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FIG. 11 is a perspective view illustrating a card LED lamp 121 according to this 
preferred embodiment, a connector 123 to/from which the LED lamp 121 is 
attachable and removable, and a lighting circuit 132 to be electrically connected 
to the LED lamp 121 by way of the connector 123. 

[0106] As shown in FIG. 11, the card LED lamp 121 is preferably inserted 
into the connector 123 through a pair of guide grooves 122. The guide grooves 
122 are provided to slide the edges of the substrate of the LED lamp 121 in a 
predetermined direction while the LED lamp 121 is being inserted into, or 
removed from, the connector 123. The connector 123 includes a feeder 
electrode (not shown) to be electrically connected to the feeder electrode (not 
shown) of the card LED lamp 121 , and is connected to the lighting circuit 132 via 
lines 131. 

[0107] The LED lamp 121 includes a plurality of LED chips, which are 
preferably bonded to a rectangular substrate. Each of those LED chips is 
preferably covered with the cylindrical resin portion, which is preferably further 
covered with a filtering member. This filtering member is designed such that the 
spectral transmittance thereof becomes lower in at least a portion of the 
wavelength range of 550 nm to 605 nm than in the remaining visible radiation 
range (e.g., at a wavelength of 510 nm). 

[0108] Optionally, the substrate of the LED lamp 121 may have a multilevel 
interconnect structure for connecting the respective LED chips to the feeder 
electrode. Also, a metallic reflector with multiple openings for the respective LED 
chips may be attached to the surface of the substrate. 
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[0109] In this manner, the LED lamp 121 of this preferred embodiment has a 
card shape, which is similar to a memory card, for example, and can be attached 
to, or removed from, any of various types of appliances with a connector. 
Accordingly, even when the LED lamp 121 that has been used in an illumination 
unit runs out of its life, the illumination unit can be used continuously by replacing 
the exhausted LED lamp 121 with a brand-new LED lamp of the same shape. 
Also, if multiple types of LED lamps 121 with mutually different properties are 
appropriately selected and fitted in an illumination unit one after another, the 
same illumination unit can provide various types of illumination lights. 

[0110] Next, the configuration of the card LED lamp 121 of this preferred 
embodiment will be described in further detail with reference to FIGS. 12 and 13. 
FIG. 12 is an exploded perspective view of the card LED lamp 121. FIG. 13 is a 
cross-sectional view illustrating a portion of the card LED lamp 121 including an 
LED chip. 

[0111] Referring to FIG. 12, the LED lamp 121 of this preferred embodiment 
preferably includes a plurality of cylindrical resin portions 213, which are arranged 
in matrix on a substrate 11. Although not shown in FIG. 12, each of the resin 
portions 213 includes an LED chip that has been molded with the resin. As 
described above, a phosphor is preferably dispersed in the cylindrical resin 
portion 213 to transform the emission of the LED chip into light with a longer 
wavelength. 

[0112] A reflector 152 with multiple openings surrounding the respective 
cylindrical resin portions 213 is preferably attached to the surface (i.e., the mount- 
side surface) of the substrate 1 1 . The inside surface of each opening of the 
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reflector 152 functions as a reflective surface for reflecting the emission of the 
cylindrical resin portion 213. 

[0113] Next, referring to FIG. 13, each LED chip 153 of this preferred 
embodiment is preferably flip-chip bonded to an interconnect pattern 159 of a 
multilayer wiring board 151, which is attached to a metal plate 150. In this case, 
the metal plate 150 and the multilayer wiring board 151 together make up the 
substrate 11. The LED chip 153 is covered with the resin portion 213 including 
the phosphor. And this resin portion 213Ms further covered with a second resin 
portion 162 functioning as a lens. This second resin portion 162 preferably 
includes 0.01% to 30% (more preferably at least 0.1%) of neodymium as an 
additive and may function as a filtering member just like the counterpart 94 
shown in FIG. 9C. 

[0114] In this preferred embodiment, the multilayer wiring board 151 
includes a two-layered interconnect pattern 159, in which interconnects belonging 
to the two different layers are connected together by way of via metals 163. 
Specifically, the interconnects belonging to the upper layer are connected to the 
electrodes of the LED chip 153 via Au bumps 161. The interconnect pattern 159 
may be made of copper, nickel, aluminum, or an alloy mainly composed of these 
metals, for example. 

[0115] The upper surface of the multilayer wiring board 151 having such a 
configuration is mostly covered with the reflector 152 but is partially exposed. A 
number of feeder electrodes (not shown) are provided on the exposed areas of 
the multilayer wiring board 151. These feeder electrodes are electrically 
connected to the lighting circuit of an illumination unit by way of the connector into 
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which the card LED lamp is inserted. 

[0116] In the example illustrated in FIG. 13, an underfill (stress relaxing) 
layer 160 is preferably provided between the reflector 152 and the multilayer 
wiring board 151. This underfill layer 160 can not only relax the stress, resulting 
from the difference in thermal expansion coefficient between the metallic reflector 
152 and the multilayer wiring board 151, but also ensure electrical insulation 
between the reflector 152 and the upper-level interconnects of the multilayer 
wiring board 151. 

[0117] According to this preferred embodiment, the freely attachable and 
removable card LED lamp can provide illumination light with a high color 
rendering property. 

[0118] Each of the preferred embodiments of the present invention described 
above is an LED lamp including an LED chip that emits a blue light ray and a 
wavelength converting portion for transforming the blue light ray into a light ray 
with a longer wavelength. Alternatively, the present invention is also 
implementable as an LED lamp including an LED chip that emits an ultraviolet ray 
and a wavelength converting portion for transforming the ultraviolet ray into a light 
ray with a longer wavelength. 

[0119] Furthermore, in the preferred embodiments described above, the 
filtering member is fixed onto the substrate on which the LED chip has been 
bonded. However, the present invention is in no way limited to such specific 
preferred embodiments. For example, the filtering member may also be provided 
for the connector 123 shown in FIG. 11. The point is the present invention only 
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requires that the filtering member be provided at such a position as to filter the 
illumination light that has gone out of the LED chip and wavelength converting 
portion of the LED lamp. Optionally, the present invention is also applicable for 
use even in an LED lamp having the bullet package shown in FIG. 1. In that case, 
at least part of the second resin portion 25 or glass housing may function as the 
filtering member. 

[0120] The present invention is effectively applicable for use in various 
types of illumination sources that can replace the conventional illumination 
sources utilizing electric discharge. 

[0121] While the present invention has been described with respect to 
preferred embodiments thereof, it will be apparent to those skilled in the art that 
the disclosed invention may be modified in numerous ways and may assume 
many embodiments other than those specifically described above. Accordingly, 
it is intended by the appended claims to cover all modifications of the invention 
that fall within the true spirit and scope of the invention. 
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